b/3c2005$ 9fl IB 13120^2 842FU J I P AT TOKYO 81-3-3545-2898 



No. 0557 P. 5' 4 ' 005 




,. . . PATENT 

ATTORNEY DOCKET: 041514-5116 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In id Application of: 

Keiichi ONODERA et al. 

Application No.: 09/817,895 

Filed: March 28, 2001 

For: INFORMATION RECORDING . 
SYSTEM AND INFORMATION 
RECORDING METHOD 

Commissioner fox Patents 

U.S. Patent and Trademark Office 

Alexandria, VA 22314 * 



Sir 



Confirmation No.: 9524 
Group Art Unit 2861 
Examiner. Hai C. Pham 



VERIFICATION OF A TRANSLATION 



I, die below named translator, hereby declare that 
My ntfme and post office address are as stated below; 

That I am knowledgeable in the English language and in the Japanese language and 
believe mat attached English translation to be a true and complete translation of the below 
identified document. 

The dboiiment for wMchihe attached English translation is being submitted is the 
Japanese Fat6nt Application No..2000-098926 filed in Japan on March 3 1, 2000. 



OC^3?Q49\l 



/3<2005$ 9J] IB 1 13W 2 842 FUJIPAT TOKYO 81-3-3545-2898 



No. 0557 P. 6 )s/ 



ATTORNEY DOCKET NO,: 041514-51 16 
Application No. 09/817,895 
Page 2 



I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further mat these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and mat such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

Full name of the translator; ' Shigetomo .UMiTsa. . 

Post Office Address: Fuiim^t-a g Tr^y-i m^g — 

1-1, Tsukiji ' 4-chome Chut>-ku. Tr>kyr> .Tapan . 




Date: 




DO539049M 



2005$ 9fl IB 13»i20# FUJI PAT TOKYO 81-3-3545-2898 



No. 0557 P. 3 



[Name of Documents] 
[Reference Number] 
[Filing Date] 
[Address] 

[Intemattonal Patent Classification] 
[Inventor] 

[Address] 



[Name] 



[Inventor] 



[Address] 



[Name] 



[Inventor] 



[Address] 



[Name] 
[Applicant] 

piscrimination Number] 000005016 

[Name] Pioneer Corporation 



Pscrimination Number] 100063565 
[Attorney] 

[Name] Nobukiyo KOBASHI 



Patent Application 
54P0468 
March 31,2000 

To the Commissioner of Patent Office 
G11B7/00 

1-4, Meguro 1-chome, Meguno-ku r Tokyo, Japan, 
ofo Pioneer Corporation 
KeiichiONODERA 

2610, Hanazono 4-chome, Tokonozawa-City, 
Saitama, Japan, cfo Pioneer Tokorozawa Plant 
HiroyuM KURASHINA 

2610, Hanazono 4-chome, Tokorozawa-City, 
Saitama, Japan, c/o Pioneer Tokorozawa Plant 
Takeshi TAKAHASHl 



2005$ 9jj IB 13520& FUJ1PAT TOKYO 81-3-3545-2898 



[Indication of charges] 

[Prepayment Register Number] 01 1 659 

[Amount of Payment] ¥21 ,000 

[List of Attached Documents] 

[Name of Document] Specification 1 

[Name of Document] Drawing(s) 1 

[Name of Document] Abstract 1 

[Necessity of Proof] Necessary 



2005$ 9JI IB 13«l» 



FUJI PAT TOKYO 81-3-3545-2898 



No. 0557 P. 1 



[Document Name] SPECIFICATION 
[Title of the Invention] 

INFORMATION RECORDING SYSTEM AND 
INFORMATION RECORDING METHOD 

[Claims] 

[Claim 1] An information recording system for 
recording information in an optical recording medium 
comprising: 

writing means for forming a visible Image pattern by 
irradiating a recording layer formed in the optical 
recording medium with light to generate a change in optical 
characteristics between a portion irradiated with the light 
and a portion not irradiated with the light in the 
recording layer. 

[Claim 2] The information recording system according 
to claim 1, wherein said writing means forms said visible 
image pattern based on the difference in reflectance 
between an area irradiated with light to form pits and an 
area not irradiated with light not to form pits in the 
recording layer formed in said optical recording medium. 

[Claim 3] The information recording system according 
to claim 1, further comprising data generating means for 
generating data of an image pattern, wherein said writing 
means irradiates the recording layer with said light 
modulated based on image pattern data generated by said 
data generating part, 

[Claim 4] The information recording system according 
to claim 3, further comprising editing means for editing 
image pattern data generated by said data generating means. 
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[Claim 5] The information recording system according 
to claim 4, further comprising reading means for optically 
reading information already recorded in said recording 
layer of said optical recording medium , wherein said 
editing means detects an unrecorded area in said recording 
layer based on information read by said reading part or 
reflected light quantity from said optical recording medium 
and automatically edits image pattern data generated by 
said data generating means so that said image pattern 
matches to said detected unrecorded area. 

[Claim 6] The information recording system according 
to claim 4 or claim 5, comprising display means for 
displaying a simulation of said image pattern based on 
image pattern data edited by said editing means. 

[Claim 71 The information recording system according 
to claim 3, comprising reading means for optically reading 
information already recorded in said recording layer of 
said optical recording medium, wherein said data generating 
means generates said image pattern data based on table of 
contents information data having at least character or 
symbol information among information read by said reading 
means . 

[Claim 8] The information recording system according 
to claim 3 r comprising external equipment connecting means, 
wherein said data generating means generates said image 
pattern data based on table of contents information data 
having at least character or symbol information among data 
supplied from external equipment connected to said external 
equipment connecting means. 
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[Claim 9] The information recording system according 
to any one of claims 1 to 8, wherein said writing means 
performs both writing for forming said image pattern and 
normal information writing. 

[Claim 10] An information recording method for 
recording information in an optical recording medium 
comprising: 

forming a visible image pattern by irradiating a 
recording layer formed in the optical recording medium with 
light to generate a change in optical characteristics 
between a portion irradiated with the light and a portion 
not irradiated with the light in the recording layer. 

[Claim 11] The information recording method 
according to claim 10, wherein said visible image pattern 
is formed based on difference in reflectance between an 
area irradiated with light to form pits and an area not 
irradiated with light not to form pits in said recording 
layer formed in said optical recording medium. 

[Claim 12] The information recording method 
according to claim 10 or claim 11 r comprising editing means 
for editing image pattern data, wherein visible image 
pattern is formed by irradiating said recording layer 
formed in said optical recording medium with said light 
modulated based on said image pattern data generated by 
said data editing means. 

[Claim 13] An information recording system according 
to claim 12, comprising a display part for displaying a 
simulation of said image pattern based on image pattern 
data edited by said editing means. 
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[Claim 14] The information recording method 
according to claim 12 for recording data supplied from 
external equipment in said optical recording medium, 
wherein said image pattern data is generated based on table 
of contents information data having at least character or 
symbol information among data supplied from said external 
equipment . 

(Detailed Description of the Invention] 
[Technical Field to which the Invention pertains] 

The present invention relates to an information 
recording system provided with a function of recording 
visible information on an optical recording medium. 
[Conventional Art] 

CDs (Compact Disk) , DVDs (Digital Video Disk or 
Digital Versatile Disk) and so forth are known as optical 
recording media for optically recording or reproducing 
information, A write-once type disk and rewritable disk in 
which information can be recorded have also been developed, 
providing excellent convenience for users. 

For example, a user can enjoy writing and editing 
contents data such as music, image or the like and creating 
his/her own disk having originality by utilizing these 
write-once type or rewritable disks. In addition, a user 
can create discs which offer greater convenience by writing 
computer program data needed for combining all their 
essential applications onto a single disc. 

However, as the number of disks in use increases, a 
problem arises that it is difficult to pick up a desired 
disk from many disks or manage these disks due to the 
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difficulty in identifying disks from their appearance. 

Therefore, as shown in Fig. 12, a user can write 
characters or illustrations by using a writing tool on a 
side of a conventional disk which is not used for writing 
information/ that is, the back side (hereinafter, referred 
to as label side) of a side irradiated with light beam for 
writing and reading information, 
[Problems to be solved by the Invention] 

However, while the disk on which a user can write 
information as described above can provide excellent 
convenience to the user, technical backwardness remains 
that the easiest way to manage disks is to hand-write 
characters or illustrations for identification on a label 
side with a writing tool. When hand-written on a label 
side, the characters or illustrations may gradually fade 
away and become unclear or deteriorate appearance. Thus, 
development of a novel technique which substitutes for 
handwriting and can identify a disk at one glance as in the 
case of hand-written has been required. 

The present invention has been accomplished to solve 
these conventional problems. Accordingly, an object of the 
present invention is to provide an information recording 
system having a function of recording visible information. 
[Measure taken to solve the problem] 

To achieve the above object, the present invention is 
an information recording system and an information 
recording method for recording information on an optical 
information recording medium, wherein a recording layer 
formed on the optical recording medium is irradiated with 
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light to generate changes in optical characteristics 
between a portion irradiated with light and an unirradiated 
portion in the recording layer so that a visible image 
pattern is formed. Furthermore, the visible image pattern 
is formed based on a difference in reflectance between an 
area where pits are formed by irradiating the recording 
layer formed on the optical recording medium with light and 
an area which is not irradiated with light not to form 
pits. 

According to these information recording system and 
information recording method, a recording layer which is 
formed in an optical recording medium is irradiated with 
light by writing means. This irradiated light causes 
changes in optical characteristics of the recording layer. 
A visible image pattern can be formed by forming a portion 
where the optical characteristics change. That is, the 
visible image pattern is formed based on the difference in 
reflectance between an area where pits are formed by 
irradiating the recording layer with light and an area 
which is not irradiated light not to form pits. An image 
pattern having an identification property similar to 
conventional hand-written characters, symbols, 
illustrations or the like can be formed by forming this 
visible image pattern into an appropriate shape. Thus, 
management, identification and the like of a plurality of 
optical recording media become possible. 
[Embodiments of the Invention] 

Embodiments of the present invention will be 
described below with reference to the accompanying 
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drawings. A digital audio system capable of using a write- 
once type disk such as CD-R or the like, a rewritable disk 
such as CD-RW or the like and a disk exclusively for 
reproduction such as CD-ROM, CD-DA or the like is described 
as a preferred embodiment. 

First, terms "pit art", "pit art data" and "pit art 
recording" used in description of this embodiment are 
defined , 

"Pit art" is an image pattern which is made visible 
by recording data in a recording layer of a disk such as a 
CD-R or the like in which data can be written and utilizing 
the difference in reflectance or the like between a portion 
where data is recorded and a portion where data is not 
recorded. That is, unlike ordinary data recording, "pit 
art" is an image pattern such as characters , illustrations 
or the like recorded in a recording layer so as to be 
visible, 

"Pit art data" is data written to form a "pit art" in 
a recording layer of a disk. 

"Pit art recording" is to record "pit art data" in a 
recording layer of a disk, in which data can be written. 

Fig. 1 shows an appearance of this digital audio 
system* Figs. 2 and 3 are block diagrams showing an 
internal configuration of this digital audio system* 

In Fig. 1, a front panel 2 of this digital audio 
system 1 is provided with a disk inserting port 3 for 
loading and unloading a disk, which is an optical recording 
medium, and a display unit 4 formed with a liquid crystal 
display or the like. A plurality of operating switches are 
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provided surrounding the disk inserting port 3 and the 
display unit 4. 

As representative operating switches, an eject switch 
5 for allowing the loading and unloading, a power- on switch 
6, a rotary switch 7 for controlling the sound volume, a 
plurality of function switches 8 disposed to the right side 
of the display unit 4, a plurality of function switches 9 
disposed to the left side of the display unit 4 r a 
recording start switch 10 for instructing the start of 
recording and a rotary switch 11 called jog dial are 
provided, 

A movable tray (drawing is omitted) for placing a 
disk thereon is provided in the disk inserting port 3. 
When the eject switch 5 is pressed, the movable tray is 
moved back and forth via the disk inserting port 3 so as to 
load or unload a disk to or from a so-called clamp 
position. 

More specifically, when the eject switch 5 is pressed 
in a state that the movable tray is positioned deep inside 
the disk inserting port 3 r the movable tray is projected 
forward via the disk inserting port 3. Consequently, a 
disk already loaded can be removed or a new disk can be 
loaded. When the eject switch 5 is pressed in a state that 
the movable tray is projected forward via the disk 
inserting port 3, the movable tray is automatically moved 
deep into the disk inserting port 3 and loading is carried 
out. 

In this digital audio system 1, a disk is placed with 
its label side facing the movable tray. Consequently, a 
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user loads a disk onto or unloads from the movable tray 
while directing the label side of the disk downward (the 
movable tray side) with the side of the disk on which data 
is recorded or reproduced in view. 

The plurality of function switches 8 are constituted 
by a plurality of operating switches for starting 
reproduction of data recorded in a disk, temporarily 
stopping data reproduction, specifying a track number with 
which data is recorded and so forth. 

The plurality of function switches 9 are constituted 
by a plurality of operating switches operated when pit art 
data is written in a write-once type disk or a rewritable 
disk. More specifically, in addition to a pit art 
recording start switch for instructing the start of pit art 
recording, the function switches 9 are constituted by a 
plurality of editing switches for editing size, arrangement 
or the like of characters, illustrations or the like to be 
recorded as a pit art and a settlement switch for settling 
the edited characters, illustrations or the like. 

The rotary switch 11 called as a jog dial is provided 
for selecting characters, symbols, illustrations or the 
like to be recorded as a pit art by a user. Each time the 
user rotates the rotary switch 11 at a prescribed angle, 
data of the characters, symbols, illustrations or the like 
is switched. When the settlement switch is operated, the 
characters , symbols , illustrations or the like selected by 
the rotary switch 11 are settled as a pit art. 

While not shown in Fig, 1, external equipment 
connecting terminals for connecting external equipment such 
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as a CS tuner, BS tuner, CD player, MD player, DVD player 
or the like and a keyboard connecting terminal for 
connecting a keyboard are provided on the rear surface of 
the digital audio system 1. 

The Internal configuration of this digital audio 
system 1 will be described below with reference to Fig. 2. 
A digital input terminal 13 connected to a digital input 
circuit 12, an analog input terminal 15 connected to an A/D 
converter 14, a digital output terminal 17 connected to a 
digital output circuit 16 and an analog output terminal 19 
connected to a D/A converter 18 are provided as the 
external equipment connecting terminals* 

The digital input terminal 13 is composed of an 
optical digital input terminal or coaxial digital input 
terminal. The digital input circuit 12 converts optical or 
electrical digital data supplied via the digital input 
terminal 13 to digital data which can be processed by 
signals and inputs the data. 

Consequently, when external equipment such as a CS 
tuner, BS tuner, CD player, MD player or the like is 
connected to the digital input terminal 13, digital data 
supplied from this external equipment is inputted in this 
digital audio system 1 as digital data. 

The analog input terminal 15 is provided for 
inputting analog signals. That is, when external equipment 
such as a CD player, MD player or the like is connected to 
the analog input terminal 15 and audio signals reproduced 
as analog data are supplied from this external equipment, 
the audio signals are converted to digital data by the A/D 
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converter 14 and inputted into the digital audio system 1. 

The digital output terminal 17 is composed of an 
optical digital output terminal or coaxial digital output 
terminal. When the digital audio system 1 reproduces data 
in a write- once type disk, rewritable disk or disk 
exclusively used for reproduction, the digital output 
circuit 16 converts the reproduced digital data obtained by 
this reproduction to optical or electrical digital data and 
outputs the data to external equipment via the digital 
output terminal 17 . 

The D/A converter 18 converts digital data reproduced 
from a write -once type disk, rewritable disk or disk 
exclusively used for reproduction to analog signals and 
outputs the signals to the outside via the analog output 
terminal 19. Consequently, when an analog amplifier 
connected to a speaker is connected to the analog output 
terminal 19, reproduced sound can be played by the speaker. 
When analog equipment such as an analog tape recorder or 
the like is connected, reproduced sound can be recorded in 
the analog form. 

The keyboard connecting terminal 20 is connected to a 
system controller 21 provided with a microprocessor (MPU). 
When a user connects a keyboard 22 conforming to the J IS or 
the like to the keyboard connecting terminal 20, 
instruction for pit fiirt data editing and pit art recording 
can be carried out by keyboard operation instead of 
operating the function switches 9 and the rotary switch 11. 

An encoder 26 and an LD drive circuit are 
subordinately connected to the digital input circuit 12 and 
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A/D converter 14 via a two -contacts switching circuit 23 
controlled by the system controller 21. 

The encoder 26 is controlled by the system controller 
21 and performs EFM (Bight -Fourteen Modulation) and CIRC 
(Cross Interleave Reed- Solomon Code) interleaving on data 
Dl inputted from the two-contacts switching circuit 23. 
The data D2 for writing generated during this processing is 
outputted to the LD drive circuit 27. Although details 
will be described later, when pit art data Dp is supplied 
from the system controller 21, the data D2 for writing is 
generated based on the pit art data Dp and outputted to the 
LD drive circuit 27. 

The LD drive circuit 27 is controlled by the system 
controller 21 and performs power amplification of data D2 
for writing from the encoder 26 and supplies the data to a 
semiconductor laser (not shown) in a pickup 28. 
Consequently, a recording layer of a disk DSC is irradiated 
with light modulated by the power amplified data D3 for 
writing (hereinafter, referred to as writing light) to 
perform data writing. 

When data is read from the disk DSC, the LD drive 
circuit 27 irradiates the recording layer of the disk DSC 
with light having a certain power (hereinafter, referred to 
as reading light) by supplying a certain power instructed 
by the system controller 21 to the semiconductor laser in 
the pickup 28. 

A spindle motor 29 for rotating a clamped disk DSC at 
a certain linear velocity and a feeding motor 30 for moving 
the pickup 28 back and forth in the radius direction of the 
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disk DSC are provided at the aforementioned clamp position. 

Furthermore , an optical detector (drawing is omitted) 
in the pickup 28 performs photoelectric conversion of 
returning light generated in response to the writing light 
or reading light irradiated on the disk DSC when data is 
written or read. An RP amplifier 31 supplies the 
photoelactrically converted signals SRF to an address 
decoder 32, servo control circuit 33 and decoder 34. 

The address decoder 32 detects a track address on the 
disk DSC irradiated with the writing light or reading light 
from the photoelectrically converted signals SRF outputted 
from the RF amplifier 31 and supplies the detected address 
data D4 to the encoder 26 and the system controller 21. 

Consequently, the encoder 26 transfers the data D2 
for writing in synchronism with the address data D4 to the 
LD drive circuit 27 when the data is recorded as described 
above. The system controller 21 judges whether the pickup 
28 is in an on-track state at the track address on the disk 
DSC where data is to be written when the data is recorded. 

The decoder 34 receives input of the 
photoelectrically converted signals SRF outputted from the 
RF amplifier 31 and the address data D4 outputted from the 
address decoder 32, and EFM demodulates and deinterleaves 
audio data or the like included in the photoelectrically 
converted signals SRF in synchronism with the address data 
D4. Consequently, decoding processing opposite to 
processing by the encoder 26 is performed and decoded data 
D4 generated by this processing is supplied to the digital 
output circuit 16 and the D/A converter 18. 
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When TOC (table of contents) data is read from a disk 
DSC by data reproduction, the decoder 34 decodes this TOC 
data and supplies the decoded TOC data Dt2 to the system 
controller 21. 

The servo control circuit 33 detects tracking error 
or focusing error based on the photoelectrically converted 
signals SRF outputted from the RF amplifier 31 and servo- 
controls the spindle motor 29, feeding motor 30 and pickup 
28 based on the detection result. 

Furthermore, a pit art data memory 37 and a standard 
data memory 38 are connected to the system controller 21 
and a pit art data generating part 39 shown in Fig. 3 is 
provided . 

The pit art data generating part 39 is constituted by 
a character data decoding part 40, pit art data editing 
part 41 and address generating part 42 and generates pit 
art data Dp under the control of the microprocessor MPU 
provided in the system controller 21, 

The character data decoding part 40 receives input of 
the character information data from the rotary switch 11 
called jog dial and character information data from the 
keyboard 22 via the microprocessor MPU, retrieves standard 
character data Dc stored in the standard data memory 38 in 
advance based on the character information data D6 and 
supplies the data to the pit art data editing part 41. 

Although details will be described later, when data 
in an information recording medium such as a CD, MD or the 
like in which data is already recorded is reproduced and a 
pit art is recorded based on the reproduced data, the 
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character data decoding part 40 receives input of the 
character information data such as TOC, UTOC (User Table Of 
Contents) or the like included in the reproduced data and 
supplies the data to the pit art data editing part 41. 

When a pit art is recorded based on data supplied 
from external equipment such as a CS tuner, BS tuner or the 
like, the character data decoding part 40 receives input of 
the character information data Dp included in the data and 
supplies the data to the pit art data editing part 41 . 

The pit art data editing part 41 converts standard 
character data Dc to data Dbmp in a bit map format 
(hereinafter, referred to as bit map data) and stores the 
data in the pit art data memory 37. When the user edits 
data by operating the function switches 9 or the keyboard 
22, the pit art data editing part 41 receives input of the 
editing instruction data D7 via the microprocessor MPU, 
edits the bit map data Dbmp according to the editing 
instruction and stores the data in the pit art data memory 
37. 

The address generating part 42 generates address data 
Dr for reading bit map data Dbmp stored in the pit art data 
memory 37. That is, this part judges the position of the 
pickup 28 in relation to the disk DSC based on the address 
data D4 supplied from the address decoder 32 via the 
microprocessor MPU* Then, when the part determines that 
the pickup 28 comes to the position at which a pit art is 
to be recorded, the part accesses the pit art data memory 
37 by the address data Dr and supplies the bit map data 
Dbmp as pit art data Dp for each dot to the encoder 26 via 
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the microprocessor MPU and allows the pickup 28 to record 
the pit art. 

Operation of this digital audio system 1 having the 
above constitution will be described below. 

This digital audio system 1 is provided with three 
kinds of modes for recording a pit art under the control of 
the system controller 21. 

When a user selects a first mode (hereinafter, 
external data recording mode) by a function switch 9 and 
audio data supplied from external equipment such as a CS 
tuner, BS tuner, CD player, MD player, DVD player or the 
like connected to the digital input terminal 13 is recorded 
(copied) in a write -once type disk or a rewritable disk, 
character information data supplied from a CS tuner or BS 
tuner, character information data included in TOC data 
supplied from a CD player or character information data 
included in UTOC data supplied from an MD player are 
automatically edited. Then, pit art data Dp generated by 
automatic editing is written in the write-once type disk or 
rewritable disk. Thus, a pit art is recorded 
au t omat ically , 

When the user selects a second mode (hereinafter, 
referred to as internal data recording mode) by a function 
switch 9, the TOC data already stored in a write-once type 
disk or rewritable disk loaded in the digital audio system 
1 is reproduced. Character information data included in 
the reproduced TOC data is automatically edited and the pit 
art data Dp generated by automatic editing is written in 
the loaded write-once type disk or rewritable disk. Thus, 
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a pit art is recorded automatically. 

When the user selects a third mode (hereinafter, 
referred to as manual mode) by a function switch 9, the 
user can edit pit art data Dp by operating the rot surf 
switch 11 or the keyboard 22. 

Operation in the external data recording mode will be 
described first with reference to flowcharts in Figs. 4 and 
5. In operation described here as a typical case, the user 
loads a CD-R as a disk DSC in this digital audio system 1, 
connects a CD player as external equipment to the digital 
input terminal 13 and records (copies) reproduced data of a 
CD-DA reproduced by the CD player on the CD-R as a disk 
DSC. 

In Fig - 4 , when the user loads a disk DSC , the TOC 
data Dt2, which is table of contents information, is 
reproduced from the disk DSC and stored in a first memory 
(drawing omitted) in the system controller 21 (step SlOO)* 

Subsequently, the type of the loaded disk is judged 
based on the TOC data Dt2 (step S102). 

Subsequently, whether a recordable disk is loaded is 
judged (step S104). Here, if a disk exclusively used for 
reproduction such as a CD-ROM or the like is loaded, record 
prohibition processing such as displaying a message in the 
display unit 4 to the effect that data cannot be recorded 
is performed (step S106). Then, the processing is forcibly 
terminated. 

On the other hand, when the disk DSC is a CD-R, it is 
determined that a recordable disk is loaded and the 
processing proceeds to step S108. 
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In step S108, whether a recording start switch 10 is 
turned on is judged and the processing remains in a standby 
state until the switch is turned on. In this standby 
state, the user starts reproduction by the CD player, which 
is external equipment. When the user further turns on the 
recording start switch 10, data reproduced from the CD 
player is inputted as input data Dl. 

Subsequently, the encoder 26 acquires TOC data Dtl, 
which is table of contents information included in the 
input data Dl. This data is stored in a second memory 
(drawing omitted) in the system controller 21 (step S110). 

Subsequently, the pickup 28 is moved to a recording 
start address on a disk DSC. If data is already recorded 
in the disk DSC, a new track number TRNO is obtained by 
adding 1 to the track number TRNO assigned to the data 
(step S112). 

Subsequently, the encoder 26 encodes the input data 
Dl and starts recording the data by the pickup 28 by using 
the new track number TRNO as a first track number (step 
S114). 

Subsequently, whether the track number assigned to 
the data Dl from the CD player, which is a copy source, is 
changed is judged (step S116). If the track number is not 
changed, data recording in step S114 is continued. 

On the other hand, if it is determined in step SI 16 
that the track number assigned to the data Dl is changed, 
the processing proceeds to step S118 and whether supply of 
the data Dl from the CD player is finished is judged. 
Here, if "the supply of the data Dl is not finished, it is 
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determined that data Dl of the next track number is 
supplied. In step S112, the next track number is set and 
recording of the data Dl is continued (step S114). 

When all the data Dl from the CD player is, recorded, 
the processing proceeds to step S120 and finallzatlon 
processing is performed. The table of contents information 
about the data Dl recorded so far is written in a read- in 
area of the disk DSC together with TOC data Dt2. After 
data is further recorded in a read-out area, the processing 
is halted (step S122) and then proceeds to step S200 in 
Fig. 5. 

In step S200 in Fig, 5, whether the user turns on a 
pit art recording start switch among the function switches 
9 during the halt state is judged. Here, if the pit art 
recording start switch is not turned on within a prescribed 
time, the processing proceeds to step S202 and pit art 
recording prohibition processing is performed. Then a 
series of data recording processing is terminated without 
carrying out pit art recording. 

On the other hand, when the pit art recording start 
switch is turned on, the processing is halted (step S204) 
and then proceeds to step S206. 

In step S206, the first address ADRS of an unrecorded 
area remaining in the disk DSC is detected from the TOC 
data Dt2 acquired in step SlOO and the table of contents 
information data written in step S120. Further, a terminal 
end address ADRE of the unrecorded area is detected based 
on the maximum read-out start position information 
(position information indicating the latest address among 
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position information standardized as read-out recording 
start address) recorded as ATIP information in a wobbled 
portion of the read-in area. Then, these address data ADRS 
and ADRE are supplied to the pit art data editing part 41 
shown in Fig, 3 with data D7 for editing instruction. 

Furthermore , the pit art data editing part 41 
calculates the shape of the unrecorded area based on the 
address data ADRS and ADRE. That is, as shown in Fig. 6, 
the width W of the unrecorded area in the radius direction 
of the disk DSC is calculated and the shape of the 
unrecorded area in an annular shape matching the width W is 
obtained. 

Subsequently, in step S208, character information 
data D6 (data such as album titles, names of music pieces, 
artist names and the like) conforming to the CD-TEXT 
standard included in the TOC data Dtl stored in the second 
memory is supplied to the character data decoding part 40 
shown in Fig. 3. 

Subsequently, in step S210, the character data 
decoding part 40 retrieves standard character data Dc 
corresponding to the character information data D6 and 
supplies the data to the pit art data editing part 41. The 
pit art data editing part 41 converts the standard 
character data Dc to bit map data Dbmp. 

Subsequently, in step S212, the pit art data editing 
part 41 compares the size of the bit map data Dbmp and the 
shape of the unrecorded area and automatically edits the 
resolution (dot density per unit area) and size of the bit 
map data Dbmp so that the pit art does not overflow from 
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the unrecorded area. Then f the edited bit map data Dbmp is 
stored in the bit art data memory 37. 

Subsequently, in step S214, the bit map data Dbmp 
stored in the pit art data memory 37 is supplied to the 
display unit 4 through the microcomputer MPU. A display 
indicating how the pit art is formed in the unrecorded area 
of the disk DSC is presented- That is, a preview is 
displayed. 

Fig. 7 shows an example of a preview display. For 
example, if the character information data D6 is an album 
title "ABCDE", the shapes of the disk DSC and the 
unrecorded area are displayed. Bit map data Dbmp of the 
edited "ABCDE" is further displayed in the display of the 
unrecorded area. 

In addition, a message for prompting an instruction 
about whether pit art recording of this bit map data Dbmp 
can be started, for example, "DO YOU WANT TO RECORD THE 
DISPLAYED IMAGE?" or the like is displayed. 

Thus, the user can view in advance the size, layout 
and the like of characters "ABODE 11 to be recorded as a pit 
art . 

Subsequently, when continuation of pit art recording 
is instructed by the function switch 9 in response to this 
preview display in step S216, the processing proceeds to 
step S218. On the other hand, if termination of pit art 
recording is instructed by the function switoh 9, the 
processing proceeds to step S202 and pit art recording 
prohibition processing is performed to terminate a aeries 
of data recording processing. For example, if the user 
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views the preview display and determines that the 
characters of "ABCDE" to be recorded as a pit art are too 
small, that the position of the pit art in the unrecorded 
area is not appropriate or the like, unnecessary pit art 
recording is not performed by instructing to terminate the 
pit art recording. 

If the pit art becomes too small because the shape of 
the unrecorded area (particularly, width W of the 
unrecorded area) is small when the pit art data editing 
part 41 compares the shape of the unrecorded area and the 
size of the bit map data Dbmp, the processing may 
automatically proceeds to step S202 so that pit art 
recording is not performed. 

Subsequently, in step S218, after the pickup 28 is 
moved from the start address ADRS of the unrecorded area to 
a position a prescribed number of tracks Nl away (in this 
embodiment, Nl - 1000 tracks) outward in the radius 
direction, a portion of the prescribed number of tracks N2 
(in this embodiment N2 = 1000 tracks) outward in the radius 
direction from this moved position is irradiated with 
writing light having a prescribed power to form an annular 
pit art. Consequently, the annular unrecorded portion of 
Nl tracks and the annular pit art of N2 tracks are arranged 
as concentric circles outside the recorded area from the 
read-in area to the start address ADRS in which data is 
already recorded. Therefore, this annular pit art can be 
seen as a border of the recorded area and the pit art 
described later. 

When the pit art data editing part 41 automatically 
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edits the resolution (dot density per unit area) and the 
size of the bit map data Dbmp in step S212 as well, the bit 
map data Dbmp is automatically edited based on the annular 
unrecorded portion of Nl tracks and the shape of unrecorded 
area existent outside of the annular pit art portion of N2 
tracks in the radius direction. 

Subsequently, in step S220, the pickup 28 is 
positioned at an address located outside in the radius 
direction of the disk DSC of the portion where the annular 
pit art is formed. Further, in step S222, the first one 
dot of the bit map data Dbmp is read from the pit art data 
memory 37 and written in the unrecorded area of the disk 
DSC when supplied to the pickup 28 as pit art data Dp. 

Subsequently, whether pit art recording is completed 
is judged in step S224, If the recording is not completed, 
the processing goes back to step S220 and the bit map data 
Dbmp of the next one dot is supplied to the pickup 28 as 
pit art data Dp and recorded at the next address of the 
unrecorded area (step 5222). 

Then, when pit art recording is completed, the 
display unit 4 displays a message to the effect that pit 
art recording is completed in step S226 and then pit art 
recording is terminated. 

When pit art recording is thus performed, as shown in 
Pig. 8, a pit art PA1 composed of annular pit strings 
indicating a border of the recorded area and the unrecorded 
area and a character pit art PA2 such as "ABCDE" or the 
like are formed. 

Then, the annular pit art PAl and the character 
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portion of the pit art PA2 are recorded as a multiplicity 
of pits in the recording layer of the CD-R and pits are not 
formed in the background portion* Since the reflectance of 
the portion where pits are formed is different from that of 
the portion where pits are not formed , a pit art PA2 such 
as "ABCDE 11 is visible due to this difference in 
reflectance. 

Thus, when a pit art is formed in the external data 
recording mode, the user can readily identify or manage 
disks only by viewing the pit art PA2 * 

When information is hand-written in a conventional 
technique, there are problems that labels become unclear or 
the appearance is deteriorated and the like. However, 
since the pit art is formed in the recording layer of the 
disk, clarity is maintained and there is not problem such 
as deterioration of the appearance or the like. 

The recorded area and the unrecorded area can be 
distinguished only by viewing the annular pit art PA1. 
Therefore, the user can judge that the unrecorded area 
where the pit art PA2 is formed can be touched by hand, but 
the recorded area where data is recorded should not be 
touched. 

When data is reproduced, data of the pit art is not 
reproduced by mistake by detecting the annular pit art PA1 
and finding presence of the unrecorded area where a pit art 
is formed. 

Since the recording layer of the CD-R is formed with 
organic dye, a pit art can be formed clearly when a pit art 
is recorded. In particular, when a pit art is recorded in 
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a CD-R having a recording layer formed with cyanine or azo 
dye, a pit art with high contrast can be formed. 

As described above, since a CD-R is loaded or 
unloaded in this digital audio system 1 with the recording 
layer side up and the label side down, the user can handle 
the CD-R while viewing the pit art. Therefore, the user 
can readily manage or identify disks according to the pit 
art and thus convenience of a pit art can be more 
effectively provided. However, a CD-R may be 
loaded/unloaded with the recording layer side down and the 
label side up and a pit art may be recorded from the 
recording layer side facing downward. 

In this external data recording mode, since the 
character information data in the table of contents 
information supplied from the CD player is automatically 
recorded to the copy target disk as pit art data, a method 
of easily recording a pit art can be provided to the user. 

Although the case where a CD player is connected as 
external equipment has been described, when an MD player is 
connected, character information data included in UTOC data 
can be recorded as pit art data. When a CS tuner or BS 
tuner is connected, character information received by the 
CS tuner or BS tuner can be recorded as pit art data. 

In the external data recording mode described above, 
after finalization processing is performed in step S120, 
processing for pit art recording shown in Fig. 5 is 
performed. However, the processing for pit art recording 
may be started without finalization processing as a 
modification. 
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However, in this case, in the step S120, when writing 
of the data Dl is completed , table of contents information 
assigned to data Dl is recorded as temporary TOC in a 
program management area (PMA) inside the read-in area of 
the disk DSC- Then, processing for pit art recording shown 
in Fig. 5 is performed. 

Furthermore , in processing for pit art editing and 
preview displaying in steps S206-S214, the start address 
ADRS of the unrecorded area is detected based on the 
temporary TOC information. The position of a track being 
relatively many tracks away from the start address ADRS 
outward in the radius direction is assumed as the first 
position where a pit art can be recorded. Pit art editing 
and preview displaying are carried out by assuming the 
unrecorded area further outward from the start position in 
the radius direction as an area where a pit art can be 
recorded . 

Furthermore, when the annular pit art PAl and pit art 
PA2 are recorded in steps S218-S224 as well, these annular 
pit art PAl and pit art PA2 are recorded in the unrecorded 
area outside of a position being 10,000-30,000 tracks away 
from the start address ADRS outward in the radius 
direction . 

According to this modification, the unrecorded area 
of Nl tracks shown in Fig. 8 is secured for 10,000-30,000 
tracks and so-called partial disk can be created. 
Consequently, the user can additionally record data in the 
unrecorded area secured for 10,000-30,000 tracks. 
Therefore, a partial disk which is more convenient and can 
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be easily managed or the like by the recorded pit art can 
be provided. 

When the additionally recordable unrecorded area of 
10,000-30,000 tracks is secured, the user may select the 
desired number of tracks in a range of this number of 
tracks or the user may specify the desired number of tracks 
without limitation of the number of tracks* Or, the user 
may specify the number of tracks as an amount converted to 
time to secure the specified unrecorded area as an 
additionally recordable area. 

Operation in an internal data recording mode will be 
described below with reference to a flowchart in Fig, 9. 
In operation described here as a typical case, the user 
loads a finalized CD-R, that is, a CD-R in which TOC 
information is already recorded in the read* in area and 
data is recorded in the read-out area, in the digital audio 
system 1 and a pit art is recorded in this CD-R. 

In Fig. 9, when the user loads a finalized CD-R, TOC 
data Dt2, is reproduced from the loaded disk DSC and stored 
in the first memory (not shown) in the system controller 21 
(step S300) and the processing is halted (step S302). 

In this halt state, when the user operates a 
prescribed operating switch among the function switches 9 
to select the internal data recording mode, the processing 
proceeds to step S304. Based on the TOC data Dt2 in the 
first memory, the type of the disk is judged. 

Subsequently, whether a recordable disk is loaded is 
judged (step S306). Here, if a disk exclusively used for 
reproduction such as a CD-ROM or the like is loaded r record 
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prohibition processing such as displaying a message in the 
display unit 4 to the effect that data cannot be recorded 
is performed (step S308). Then, the processing is forcibly 
terminated. On the other hand, when the disk DSC is a CD- 
R, it is determined that a recordable disk is loaded and 
the processing proceeds to step S310. 

In step S3X0, a first address ADRS of an unrecorded 
area remaining in the disk DSC is detected from the TOC 
data Dt2 in the first memory. Further, a terminal end 
address ADRE of the unrecorded area is detected based on 
the maximum read-out start position information (position 
information indicating the latest address among position 
information standardized as read-out recording start 
address) recorded as ATIP information in a wobbled portion 
of the read- in area. Then, these address data ADRS and 
ADRE are supplied to the pit art data editing part 41 shown 
in Fig. 3 together with data D7 for edit instruction. 

Furthermore, the pit art data editing part 41 
calculates the shape of the unrecorded area based on the 
address data ADRS and ADRE. That is, as shown in Fig* 6, 
the width W of the unrecorded area in the disk DSC radius 
direction is calculated and the shape of the unrecorded 
area in an annular shape matching the width W is obtained. 
In this step S310 as well as in step S206 in Fig. 5, the 
width W and shape of the unrecorded area Nl tracks outward 
in the radius direction from the start address ADRS of the 
unrecorded area is calculated. 

Subsequently, in step S312, character information 
data D6 (data such as album titles, names of music pieces. 
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artist names and the like) included in the TOC data Dtl 
stored in the first memory is supplied to the character 
data decoding part 40 shown in Pig. 3, 

Subsequently, in step S314, the character data 
decoding part 40 retrieves standard character data Do 
corresponding to the character information data D6 and 
supplies the data to the pit art data editing part 41. The 
pit art data editing part 41 converts the standard 
character data Dc to bit map data Dbmp. 

Subsequently, in step S316, the pit art data editing 
part 41 compares the size of the bit map data Dbmp and the 
shape of the unrecorded area and automatically edits the 
resolution (dot density per unit area) and size of the bit 
map data Dbmp so that the pit art does not overflow from 
the unrecorded area. Then, the edited bit map data Dbmp is 
stored in the pit art data memory 37. 

Subsequently, in step S318, the bit map data Dbmp 
stored in the pit art data memory 37 is supplied to the 
display unit 4 through the microcomputer MPU. A preview 
display indicating how the pit art is formed in the 
unrecorded area of the write-once type disk DSC is 
presented. 

For example, as in the case shown in Fig, 7, if the 
character information data D6 is an album title "ABCDE", 
the shapes of the disk DSC and the unrecorded area are 
displayed. Bit map data Dbmp of the edited "ABCDE" is 
further displayed in the display of the unrecorded area. 
Based on this bit map data Dbmp, a message for prompting an 
instruction about whether pit art recording can be started, 
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for example, "DO YOU WANT TO RECORD THE DISPLAYED IMAGE?" 
or the like is displayed. 

Consequently, the user can view in advance the size, 
layout and the like of characters "ABCDE" to be recorded as 
a pit art* 

Subsequently, when continuation of pit art recording 
is instructed by the function switch 9 in response to this 
preview display in step S320, the processing proceeds to 
step S322. On the other hand, if an instruction not to 
perform pit art recording is given by the function switch 
9, the processing proceeds to step S308 and pit art 
recording prohibition processing is performed to terminate 
a series of data recording processing. 

In step S322, the pickup 28 is moved from the start 
address ADRS of the unrecorded area to a position being Nl 
tracks away. A portion of N2 tracks from this position is 
irradiated with writing light having a prescribed power. 
Consequently, an annular pit art PA1 indicating a border of 
the unrecorded area and the recorded area is formed. 

Subsequently, in step S324, the pickup 28 is 
positioned at an address of the portion where the annular 
pit art is formed, the address being positioned outside in 
the radius direction of the disk DSC. Further, in step 
S326, the first one dot of the bit map data Dbmp is read 
from the pit art data memory 37 and written in the 
unrecorded area of the disk DSC when supplied to the pickup 
28 as pit art data Dp, 

Subsequently, in step S328, whether pit art recording 
is completed is Judged- If the recording is not completed. 
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the processing goes back to step S324 and the bit map data 
Dbmp of the next one dot is supplied to the pickup 28 as 
pit art data Dp and recorded at the next address of the 
unrecorded area (step S326). 

Then, when writing of all bit map data Dbmp is 
completed, the display unit 4 displays a message to the 
effect that pit art recording is completed in step S330 and 
then pit art recording is terminated. 

When pit art recording is thus performed, as shown in 
Fig. 8, an annular pit art PA1 indicating a border of the 
recorded area and the unrecorded area and a character pit 
art PA2 such as "ABCDB" or the like are formed. Since the 
reflectance of the portion where pits are formed is 
different from that of the portion where pits are not 
formed, the user can easily identify or manage disks only 
by viewing the pit arts PA1 and PA2 . 

According to this internal data recording mode, table 
of content information data already recorded in the CD-R 
can be automatically recorded as pit art data. 
Consequently, benefits such as utilizing a pit art as if 
data were hand-written and so forth can be provided to a 
user. 

The case where a pit art is recorded in a finalized 
CD-R in the internal data recording mode has been described 
above. However, a pit art may be recorded in a partial 
disk. 

In this case, a pit art can be recorded in a partial 
disk as well by processing temporary TOC information 
recorded in the PMA of the partial disk as the TOC 
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information recorded in the finalized CD-R. 

Operation in a manual mod© will be described below 
with reference to a flowchart in Pig. 10. In operation 
described here as a typical case, the user loads a 
finalized CD-R in this digital audio system 1, then edits a 
pit art and records the pit art in the loaded CD-R. 

In Fig. 10, when the user loads the finalized CD-R, 
TOC data Dt2, which is table of contents information, is 
reproduced from the loaded disk DSC and stored in the first 
memory in the system controller 21 and the processing is 
halted (step S400). 

In this halt state, when the user operates a 
prescribed operating switch among the function switches 9 
to select the manual mode, the processing proceeds to steps 
S402-406. 

In steps S402-406, desired characters, symbols, 
illustrations or the like are inputted by the rotary switch 
11 called as a jog dial or the keyboard 22. Whether these 
characters or the like are selected is judged. If not yet, 
the processing remains in a standby state until the above 
input and select operation are carried out (step S402). 

Here, if the above characters or the like are 
inputted, the inputted data such as characters or the like 
is stored temporarily in a prescribed buffer register and 
these characters or the like are blinked in the display 
unit 4. When select operation is performed, the data such 
as characters or the like in the buffer register is stored 
in a buffer memory and settled and the aforementioned 
blinking display is changed to a stationary display 
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(display which does not blink) to indicate that the 
inputted characters or the like are settled (step S404). 

More specifically, for example, when the user 
appropriately rotates the rotary switch 11 to input a 
character string "ABCDE" and an operating switch for 
selection (hereinafter, referred to as enter key) is 
operated each time each character is inputted, that is f (A) 
-> (enter) -> (B) -> (enter) -> (C) -> (enter) -> (D) -> 
(enter) -> (E) -> (enter) are pressed, the character string 
"ABCDE 11 can be specified and the character string is 
displayed in the inputted order as shown in Fig. 11(a), 

When the keyboard 22 is operated, the character 
string "ABCDE" is inputted by using keys provided on the 
keyboard 22 and each time each character is inputted, the 
"return key" is pressed to specify the character string 
"ABCDE" . 

Thus, when the user inputs the desired character 
string and operates a prescribed operating switch among the 
function switches 9 to instruct final settlement of the 
character string as a pit art, the processing is halted 
(step S408) and then proceeds to step S410. When the user 
operates a keyboard 22 and the aforementioned "return key" 
provided on the keyboard 22 is operated again, the 
processing proceeds to step S408 and then to step S410. 

In step S410, the type of the disk is judged based on 
the TOC data Dt2 in the first memory. 

Subsequently, whether a recordable disk is loaded is 
judged (step S412). Here, if a disk exclusively used for 
reproduction such as a CD-ROM or the like is loaded, record 
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prohibition processing such as displaying a message in the 
display unit 4 to the effect that data cannot be recorded 
is performed (step S414). Then, the manual mode is 
forcibly terminated. On the other hand, when the disk DSC 
is a write -once type disk, it is determined that a 
recordable disk is loaded and the processing proceeds to 
step S416. 

In step S416, a first address ADRS of an unrecorded 
area remaining in the write-once disk DSC is detected from 
the TOC data Dt2 in the first memory. Further, a terminal 
end address ADRE of the unrecorded area is detected based 
on the maximum read- out start position information 
(position information indicating the latest address among 
position information standardized as read-out recording 
start address) recorded as ATIP information in a wobbled 
portion of the read-in area* Then, these address data ADRS 
and ADRE are supplied to the pit art data editing part 41 
shown in Fig. 3 together with data D7 for editing 
instruction. 

Furthermore, the pit art data editing part 41 
calculates the shape of the unrecorded area based on the 
address data ADRS and ADRE. That is, as shown in Fig. 6, 
the width W of the unrecorded area in the radius direction 
of the disk DSC is calculated and the shape of the 
unrecorded area in an annular shape matching the width W is 
obtained. 

In this step S416 as well as in step S206 in Fig. 5, 
the width W and shape of the unrecorded area Nl tracks 
outward in the radius direction from the start address ADRS 
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of the unrecorded area is calculated. 

Subsequently, in step S418, data D6 such as a 
character string or the like (data such as character string 
or the like selected by the user) stored in the buffer 
memory is supplied to a character data decoding part 40 
shown in Fig. 3. 

Subsequently, in step S420, the character data 
decoding part 40 retrieves standard character data Do 
corresponding to the data D6 and supplies the data to the 
pit art data editing part 41. The pit art data editing 
part 41 converts the standard character data Do to bit map 
data Dbmp, 

Subsequently, in step S422, the pit art data editing 
part 41 compares the size of the bit map data Dbmp and the 
shape of the unrecorded area and edits the resolution (dot 
density per unit area) and size of the bit map data Dbmp so 
that the pit art does not overflow from the unrecorded 
area. Then, the edited bit map data Dbmp is stored in the 
pit art data memory 37. 

Subsequently, in step S424, the bit map data Dbmp 
stored in the pit art data memory 37 is supplied to the 
display unit 4 through the microcomputer MPU. A preview 
display indicating how the pit art is formed in the 
unrecorded area of the write -once type disk DSC is 
presented. 

For example, as shown in Fig. 11(b), if the data D6 
is a character string "ABODE", the shapes of the disk DSC 
and the unrecorded area are displayed. Bit map data Dbmp 
of the edited "ABCDE" is further displayed in the display 
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of the unrecorded area. Based on this bit map data Dbrop, a 
message for prompting an instruction about whether pit art 
recording can be started, for example, p DO YOU WANT TO 
RECORD THE DISPLAYED IMAGE?" or the like is displayed. 

Consequently, the user can view in advance the size, 
layout and the like of characters "ABCDE" to be recorded as 
a pit art. 

Subsequently, when continuation of pit art recording 
is instructed by the function switch 9 or the keyboard 22 
in response to this preview display in step S426, the 
processing proceeds to step S428, On the other hand, if an 
instruction not to perform pit art recording is given by 
the function switch 9 or the keyboard 22, the processing 
proceeds step S414 and pit art recording prohibition 
processing is performed to terminate a series of data 
recording processing. 

Subsequently, in step S428, the pickup 28 is moved 
from the start address ADRS of the unrecorded area to a 
position being Nl tracks away outward in the radius 
direction. Then, a portion of N2 tracks is irradiated with 
writing light having a prescribed power • Consequently, an 
annular pit art PA1 indicating a border of the unrecorded 
area and the recorded area is formed. 

Subsequently, in step S430, the pickup 28 is 
positioned at an address of the portion where the annular 
pit art PA1 is formed, the address being positioned outside 
in the radius direction of the disk DSC. Further, in step 
S432, the first one dot of the bit map data Dbmp is read 
from the pit art data memory 36 and written in the 
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unrecorded area of the disk DSC when supplied to the pickup 
28 as pit art data Dp. 

Subsequently, in step S434, whether all the bit map 
data Dbmp is written in the unrecorded area is judged. If 
not, the processing goes back to step S430 and the bit map 
data Dbmp of the next one dot is supplied to the pickup 28 
as pit art data Dp and recorded at the next address of the 
unrecorded area (step S432). 

Then, when writing of all bit map data Dbmp is 
completed, the display unit 4 displays a message to the 
effect that pit art recording is completed in step S436 and 
then pit art recording is terminated. 

When pit art recording is thus performed, as shown in 
Fig. 8, an annular pit art PA1 indicating a border of the 
recorded area and the unrecorded area and a character pit 
art PA2 such as "ABCDE" or the like are formed. Since the 
reflectance of the portion where pits are formed is 
different from that of the portion where pits are not 
formed, the user can easily identify or manage disks only 
by viewing the pit arts PA1 and PA2. 

According to this manual mode, the user can record a 
desired title or the like as pit art data. Therefore, 
benefits such as utilizing a pit art as if data were hand- 
written and so forth can be provided to a user. 

Thus, since a visible pit art is recorded in a 
recordable disk according to the digital audio system of 
this embodiment, the user can manage or identify a 
plurality of disks by viewing the patterns. 

The case where a pit art edited by the user is 
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recorded in a finalized CD-R in the manual mode has been 
described above. However, a pit art edited by the user can 
be recorded in a partial disk as well. In this case, the 
pit art can be recorded in a partial disk by processing 
temporary TOC information recorded in the PMA area of the 
partial disk as the TOC information recorded in the 
finalized CD-R. 

In this embodiment described above, the case where a 
pit art is recorded in a CD-R has been described. However, 
a pit art can be recorded in optical recording media in 
which data can be written, such as CD-RW, DVD-R, DVD-RW and 
the like as well. 

According to the digital audio system of this 
embodiment, when a disk on both sides of which data can be 
recorded such as a DVD-R or the like is used, one 
recordable side can be exclusively used for recording a pit 
art and the other side can be used as a side for recording 
usual data. 

When a disk both sides of which are recordable such 
as a DVD-R or the like is used, part of one recordable side 
can be used as an area for recording a pit art and part of 
the other recordable side can also be used as an area for 
recording a pit art so that pit arts can be formed on both 
sides and usual data can also be recorded on both sides. 

As shown in Fig. 8, the case where a pit art such as 
a character string or the like is arranged in a line has 
been described. However, a character string or the like 
can be arranged in a circular arc to form a pit art 
matching the shape of the circular disk. A editing 
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function capable of editing pit map data in a various 
manner may be provided by assuming the whole unrecorded 
area the same as the conventional label side. 

In the above embodiments r the case where a pit art is 
recorded by writing light used in normal data recording has 
been described. However, since the spot diameter of the 
writing light Irradiated on the recording layer of a disk 
is small, a problem is expected that a long time is 
required to form a visible pit art. Therefore, when a pit 
art is recorded, an object lens provided on the pickup 28 
may be adjusted to irradiate with writing light having a 
larger spot diameter. Alternatively, a pickup exclusively 
used for pit art recording by irradiating with writing 
light having a large spot diameter may be provided. 

In the above embodiments, a pit art is automatically 
recorded in the external data recording mode and the 
internal data recording mode. However, the user may edit 
pit art data by manual operation in these external data 
recording mode and internal data recording mode as well. 

In steps S206 in Fig. S, S310 in Fig. 9 and S416 in 
Fig. 10, the shape of the unrecorded area is detected based 
on the TOC information or temporary TOC information and 
ATIP information. As another modification, the shape of 
the unrecorded area may be detected by moving the pickup in 
the radius direction of the disk DSC and based on the 
difference in the quantity of returning light (reflected 
light) from the recorded area and unrecorded area obtained 
upon this movement. 

The shape of the unrecorded area may be detected or 
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judged not based on the difference in the reflected light 
quantity from the recorded area and the unrecorded area, 
but by comparing the reflected light quantity from the 
recorded area or that from the unrecorded area with a 
prescribed threshold value or the like. 

In this embodiment , both the writing for forming an 
image pattern (pit art) and normal information writing are 
performed by one pickup 28 as writing means. However, a 
pickup for forming an image pattern (pit art), as well as a 
pickup for normal information writing may be provided. 

In this embodiment, the case where so-called bit map 
data is generated and a pit art is recorded in the 
recording layer of an optical recording medium by light 
beam modulated based on the bit map data has been 
described. However, a pit art may be recorded not only 
based on the so-called bit map data but also based on data 
in other data formats • 

A pit art is recorded not only depending on presence 
of pits, but the size of pits may be adjusted or the 
interval between pits may be adjusted to record a pit art 
so that a pit art visually having a plurality of gradations 
can be recorded* Consequently, a pit art which can express 
shades, that is, a pit art having an expressive ability can 
be formed. 

The case where an annular pit art PA1 is formed 
between an area where normal information is recorded 
(recorded area) and an area where a pit art is to be 
recorded (unrecorded area) has been described. However, 
the present invention is not limited to this, but the pit 
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art PAX does not have to be recorded. The user may select 
whether this annular pit axt PA1 is recorded. 

In the above embodiments, a digital audio system 
constituted by hardware has been described. However, the 
present invention is not limited to this. The pit art 
recording function equivalent to this digital audio system 
may be achieved by a computer program. 

For example, a recordable player (for example, a 
recordable CD player, DVD player or the like) which can 
record and reproduce data by using a recordable optical 
recording medium is mounted on a personal computer or the 
like. A computer program having the aforementioned pit art 
recording function is installed in the personal computer or 
the like and the computer program is executed by the 
personal computer so that a pit art is formed on an optical 
recording medium loaded in the recordable player* 

According to this constitution, not only the users of 
the digital audio system, but convenience of pit art 
recording can be provided to many other users. 

When a computer program having the pit art recording 
function is installed in a personal computer or the like, 
an optical recording medium in which the computer program 
is recorded may be provided and installed by using a CD 
player or DVD player mounted on the personal computer or 
the like. Alternatively, the personal computer or the like 
may be connected to a network such as the Internet or the 
like (including connection by telephone line, cable such as 
LAN or the like or radio) and the computer program is 
transmitted (downloaded) via the network so as to be set up 



41 



2005$ 9J1 IB 13*310 FUJ I PAT TOKYO 81-3-3545-2898 



No. 0557 P. 



in the personal computer or the like. 
[Effect of the Invention J 

As described above, according to the information 
recording system and information recording method of the 
present invention, a recording layer formed in an optical 
recording medium is irradiated with light and changes in 
optical characteristics of the portion irradiated with 
light and the portion not irradiated with light in the 
recording layer are generated to form a visible image 
pattern- Therefore, a plurality of optical recording media 
can be managed or identified by viewing the formed image 
pattern. 
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[Brief Explanation of the Drawings] 

Fig, 1 is a diagram showing an appearance struture of 
a digital audio system of one embodiment of the invention. 

Fig. 2 is a block diagram showing an internal 
configuration of the digital audio system of this 
embodiment . 

Fig, 3 is a block diagram showing a configuration of 
a pit art data generating part provided in the digital 
audio system of this embodiment. 

Fig. 4 is a flowchart for explaining operation in a 
first automatic mode in the digital audio system of the 
embodiment . 

Fig. 5 is a flowchart for further explaining 
operation in the first automatic mode in the digital audio 
system of this embodiment. 

Fig. 6 is an explanatory view showing an unrecorded 
area in which a pit art is recorded. 

Fig. 7 is an explanatory view showing an example of a 
preview display' in a display unit. 

Fig. 8 is an explanatory view showing an example when 
a pit art is recorded. 

Fig. 9 is a flowchart for explaining operation in a 
second automatic mode in the digital audio system of this 
embodiment . 

Fig. 10 is a flowchart for explaining operation in a 
manual mode in the digital audio system of this embodiment. 

Fig. 11 is a explanatory view showing examples of a 
preview display presented in the display unit in the manual 
mode. 
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Fig. 12 is a diagram showing a state in which 
characters or the like are handwritten on a label side of a 
disk. 

[Explanation of Signs] 

1 . . . digital audio system 

4 * . * display part 

9 . . . function switch 
11 , . . rotary switch 
12 . . . digital input circuit 
13... digital input terminal 
20.*. keyboard connection terminal 
21. . . system controller 
22... keyboard 
26. . . encoder 

27, LD drive circuit 

28. • . pickup 

31. . . RP amplifier 

32. address decoder 

34 . . . decoder 

37... pit-art data memory 

38. . . standard data memory 

39... pit -art data generating part 

40... character data decoding part 

41... pit -art data editing part 

42... address generating part 

DSC.,, disc 

PAl, PA2..» pit -art 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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[Document Name] ABSTRACT 
[Abstract] 

[Object] To produce an optical recording medium suitable 
for identification, management, and so on. 
[Measure to attain the object] 

A recording layer formed in the optical recording 
medium DSC is irradiated with writing light by a pickup 28. 
A visible image pattern suitable for identification, 
management or the like is formed on the optical recording 
medium by generating changes in optical characteristics 
between a portion irradiated with light and a portion not 
irradiated with light in the recording layer. 
[Selected Drawing] Fig. 1 



